The gene for sex-linked imperfect albinism (S*ALS) has been associated with reduced early growth and slow utilization of the yolk sac contents. Neonatal growth was studied using albino and nonalbino full siblings that were dissected at 2-d intervals from Day 16 of incubation to 7 d after hatch. Fatty acid composition of the yolk, yolk sac membrane, and liver was determined to study neonatal lipid metabolism. At hatch, albinos had similar BW and lower (P < 0.01) liver weights, suggesting reduced lipid transfer from the yolk sac during late incubation. Nonalbinos started gaining weight at 3 d after hatch, 1 d earlier than albino chicks. Albinos had reduced growth (P < 0.01), larger yolk sacs (P < 0.05), and similar (P > 0.05) yolk uptake from hatch to 7 d after hatch. Albino chicks also had lower body temperatures (P < 0.05) at 2, 4, and 6 d after hatch.
INTRODUCTION
Two potential applications have been suggested for the gene for sex-linked imperfect albinism (S*ALS); it allows differentiation of males and females at hatch (Hutt and Cole, 1973) , and albino hens produce up to 10% more eggs than do nonalbinos (Silversides and Crawford, 1991a; Su et al., 1994) . Albino chicks at hatch have shorter down and reduced early growth (Smyth et al., 1987; Silversides and Crawford, 1991b; Silversides et al., 1992) , but this negative effect on early growth has been entirely absent in some experiments (Silversides et al., 1992) , suggesting that the environment might be important in producing this pleiotropic effect. Albino chicks have larger yolk sacs at hatch (Smyth et ah, 1987; Silversides and Crawford, 1991b ) and at 7 d after hatch (Silversides and Crawford 1991b) than do nonalbinos. However, Silversides and Crawford (1991b) found that the yolk sacs of both genotypes were of similar size at Days 16, 18, and 20 of incubation. This finding suggests Albinos had a slower rate of transfer of yolk lipids to the developing embryo in the last 2 d of incubation. The fatty acid composition of the yolk and yolk sac membrane was similar for both genotypes during the last 3 d of incubation, except for the level of stearic acid, which was higher (P < 0.05) for nonalbinos on Day 18 of incubation for both tissues and at 1 d after hatch for the yolk. The fatty acid composition of the livers of albinos and nonalbinos were similar (P > 0.05) during the neonatal period. For both genotypes, the hepatic level of oleic acid increased to Day 20 of incubation, remained constant to 1 d after hatch, and decreased sharply thereafter. The major difference between the genotypes was a slower rate of transfer of yolk lipids to the developing albino embryo in the last 2 d of incubation.
1996 Poultry Science 75:1455-1462 that the differences between the two genotypes in yolk sac absorption arise late in incubation and continue after hatch.
In chickens and turkeys, a rapid transfer of lipids occurs during the last 6 d of incubation (Noble and Moore, 1964; Ding et al., 1995) . The liver of the chick embryo accumulates large quantities of lipids during incubation, so that by Day 19 of incubation it contains 5% of the fat in the embryo (Noble and Moore, 1964) . The hepatic lipids accumulated during the last 5 d of incubation are largely made up of cholesteryl oleate (Moore and Doran, 1962; Noble and Moore, 1964) , which likely originated in the yolk sac membrane (Scheijde, 1963; Noble and Moore, 1967a; Noble et al, 1984) . During incubation, stearic acid from the yolk is transformed in the yolk sac membrane into oleic acid in response to the increasing demand for this fatty acid (FA) for cholesterol esterification (Noble and Shand, 1985) .
An essentially unidirectional conversion of cholesterol to cholesterol ester (Shand et al., 1993) occurs in the yolk sac membrane during the last week of incubation. The coupled synthesis of cholesterol esters and apoprotein B in the luminal leaflet of the endoplasmic reticulum of the yolk sac membrane may be necessary for the synthesis of stable chylomicrons (Shand et al., 1993) , {Key words: S*ALS, sex-linked albinism, chicken, lipid metabolism, yolk sac utilization) which serve to transport yolk lipids in the bloodstream (Vandenheuvel, 1962) . Independently of the nature of dietary lipids, a high proportion of chylomicron phospholipids contain saturated FA at the sn-1 position and polyunsaturated FA at the sn-2 position of the glycerol backbone (Miller and Small, 1987) . This molecular positioning of FA may explain why yolk phospholipids are absorbed by the yolk membrane during incubation without any transformation and with preferential absorption of yolk phosphatidylethanolamine with stearic acid in the a position and docosahexaenoic acid in the 0 position (Noble and Moore, 1965, 1967b) .
In contrast to mammals, in which intestinal lipids are absorbed as chylomicrons by the lymphatic system, in chickens, intestinal FA are absorbed by the portal system (Griminger, 1987) and transported directly to the liver in the form of very low density lipoproteins (VLDL), which are small enough for ready access to the hepatocyte (Moran, 1982) . In the neonatal chick and in the chicken embryo, chylomicrons are found in the bloodstream (Vandenheuvel, 1962) , probably as a result of lipid absorption from the yolk sac. In mammals, and probably also in the embryonic and neonatal chicken, the triglycerides of circulating chylomicrons are transferred to peripheral tissues until only the chylomicron remnants, containing mainly phospholipids and cholesterol esters, remain. These remnants are taken up by the liver (Brown and Goldstein, 1984) and hydrolyzed to release the cholesterol esters rich in oleic acid (Noble, 1987) and the phospholipids rich in stearic, arachidonic, and docosahexaenoic acids (Noble and Moore, 1967c) . These cholesteryl esters and phospholipids are stored in the liver until hatch (Noble and Moore, 1967c; Noble et al, 1984) or they are released in the bile (Noble, 1987) . Following hatch there is a rapid depletion of the hepatic cholesteryl oleate that accumulates during incubation (Legoff and Marquie, 1980) . According to Chamblee et al. (1992) , yolk sac absorption precedes initiation of growth. Because albinos have slower yolk sac utilization from 3 d before hatch to 7 d after hatch (Silversides and Crawford 1991b) , a relation might exist between the slower growth of the young albino and the slower yolk sac absorption. The larger yolk sacs of neonatal albinos could result from preferential absorption of specific FA or from differences in the hormonal control mechanism of the rate of transfer of yolk sac lipids. The objective of this experiment was to study the lipid metabolism in late incubation and in the early posthatch period to provide a better understanding of the slower yolk sac utilization characteristic of neonatal albinos.
MATERIALS AND METHODS
Albino {S*ALS) hens of a layer line (Su et al, 1994) were inseminated with mixed semen from heterozygous 3 B-D medical digital fever thermometer, Becton Dickinson Canada Inc., Mississauga, ON, Canada, L5J 2MB.
*HT TECATOR 1043, Hoganas, Sweden.
albino males. Over 500 embryos and chicks in approximately equal proportions of male and female albino and nonalbino full siblings were obtained. Weights of eggs were recorded before incubation, as were the weights and the genotypes of the resulting chicks. From Day 20 of incubation to 22 d after setting (1 d after hatch), the number of chicks hatching in consecutive 6-h periods was recorded. Body weights and body temperatures (taken with an electronic thermometer 3 inserted in the cloaca to a depth of 1 cm) were taken daily until the chicks were killed by cervical dislocation. At 2-d intervals from Day 16 of incubation to 7 d after hatch, between 8 and 18 embryos or chicks from each genotype were dissected to record body, liver, and yolk sac weights (including contents) and to determine the sex. The rate of yolk sac absorption during the 1st wk after hatch was calculated as a function of the yolk sac weight at hatch using the following formula:
Absorption rate (percentage) = 100 x (yolk sac weight at a given age/average yolk sac weight at hatch).
Lipid Extraction
Lipid analysis of the liver, yolk, and yolk sac membrane was carried out at Days 18 and 20 of incubation and at 1 d after hatch. After euthanasia, the liver and yolk sac were weighed. An incision was made in the yolk sac and a yolk sample was taken and stored at -20 C. Following the method of Vilchez et al. (1992) , the yolk sac membrane was repeatedly washed in 0.9% saline solution until all adhering yolk was removed. The yolk sac membrane was then blotted on a paper towel to eliminate excess water, weighed, and stored at -20 C. Yolk weight was obtained from the difference between the weight of the entire yolk sac and of the yolk sac membrane. Liver, yolk, and yolk sac membrane were lyophilized, weighed to obtain the DM weight, and stored at -20 C. The frozen samples were homogenized with mortar and pestle, lyophilized, and weighed again to provide the dry matter weight prior to lipid extraction. Lipid extraction was carried out according to the standard procedure for the SOXTEC system 4 using a chloroform:methanol (2:1 vol/vol) solution as solvent (Folch et al., 1957) . The resulting lipid sample was dried in an oven at 130 C for 2 to 3 min and allowed to cool in a desiccator. Lipid samples were then weighed in order to obtain a quantitative measure of the lipid content. Finally, the samples were put into a solution of 1 mL of chloroform:methanol (2:1 vol/vol) for storage at 4 C. The lipid content on a DM basis was calculated by dividing the weight of the lipid sample by the weight of the lyophilized tissue sample from which the extraction was made.
Methylation and Lipid Analysis
A sample of the chloroform:methanol solution (2:1 vol/ vol) containing approximately 15 mg of lipid was heated under nitrogen gas to evaporate the solvent while preventing lipid peroxidation. The lipids were then redissolved in 200 piL of sodium methoxyde, heated at 65 C for 3 min (with agitation during the 1st min), and allowed to cool to room temperature. The lipid samples were dried once again under nitrogen gas and then 1 mL of hexane and a small quantity of silica gel was added to each. The samples were shaken vigorously and centrifuged for 10 min at 300 x g at 4 C. Without disturbing the precipitate, a sample of the hexane containing the dissolved lipids was pipetted to a new bottle. The sealed bottles were stored at 4 C before carrying out a detailed qualitative FA analysis using the gas chromatography procedure described by Christie (1989) and a gas chromatograph 5 with a column 60 m in length and 0.25 mm in diameter. Hydrogen was used as a carrier gas, with a flow rate of 2.73 mL/min at 150 C. The initial (0 min) and final (7 min) temperatures were 150 and 200 C, respectively.
Statistical Analysis
Egg, body, liver, and yolk sac weights, the rate of yolk sac utilization, and the body temperature data were analyzed with the General Linear Models (GLM) procedure of SAS® (Littell et al., 1991) using a model that included genotype as the main effect and hatch and battery when applicable. Correlations between BW and body temperature from 1 to 7 d after hatch were calculated. The DM, total lipid, and FA concentration of the liver, yolk, and yolk sac membrane were analyzed with the GLM procedure using the effects of day and genotype, and the genotype by day interaction. Hatching data for 50 albino and 55 nonalbino chicks were analyzed using contingency chi-square (Steel and Torrie, 1980) to determine differences in the hatching pattern. The GLM 5 Model 5890A Flame Ionizing Detector, Hewlett-Packard, Mississauga, ON, Canada, L4W 5G1.
procedure was used with genotype as the main effect to compare mean length of incubation. The general error term was used to test all main effects of the models using the GLM procedure.
RESULTS
Egg weights prior to incubation were similar for both genotypes (46.6 ± 0.5 g vs 45.7 ± 0.5 g, P > 0.05). Albino and nonalbino chicks had similar lengths of incubation (21.6 + 0.1 vs 21.6 ± 0.2 d, P > 0.05) but their hatching patterns differed ( x 2 = 6.938, 2 df, P < 0.05). Albinos started hatching later than did nonalbinos, but their hatch was synchronized around 21.5 d of incubation. Table 1 presents body weights and body temperatures from 16 d of incubation to 7 d after hatch for albino and nonalbino individuals and Table 2 shows yolk sac and liver weights from 16 d of incubation to 7 d after hatch for the two genotypes. Body and yolk sac weights from Day 16 to 20 of incubation were similar (P > 0.05) for albino and nonalbino embryos. Albino embryos at Day 16 of incubation, but not at Days 18 and 20, had lower (P < 0.05) liver weights than did nonalbinos. At 1 d after hatch (Day 22 after setting), albino chicks had similar BW, higher (P < 0.01) yolk sac weights, and lower (P < 0.01) liver weights than did nonalbino chicks. By 2 d after hatch, on average albinos had lost weight and nonalbinos had started to gain weight. Albinos weighed less (P < 0.01) and had larger yolk sacs (P < 0.01) than did nonalbinos throughout the 1st wk after hatch. For albinos and nonalbinos, respectively, the rates of yolk sac absorption from hatch were similar at 3 (33.8 vs 25.9%, P > 0.05), 5 (12.1 vs 8.5%, P > 0.05), and 7 (3.1 vs 1.7%, P > 0.05) d after hatch. The livers of albino and nonalbino chicks were of similar (P > 0.05) size from 3 to 7 d after hatch.
At 1 and 7 d after hatch, body temperatures of albino and nonalbino chicks were similar. The body temperatures of chicks of both genotypes increased from 2 to 7 d after hatch, but albinos had lower (P > 0.05) body temperatures at 2, 4, and 6 d after hatch. There were positive correlations between the BW and the body temperature of albino chicks at 2 (r = 0.46, P < 0.01), 3 (r = 0.46, P < 0.01), 4 (r = 0.52, P < 0.01), 5 (r = 0.65, P < 0.01), and 6 (r = 0.54, P < 0.05) d after hatch. Table 3 shows liver weights, liver percentage DM, and total liver lipids of the embryos and chicks studied. The liver weights of both albinos and nonalbinos increased from 18 d of incubation to 3 d after hatch, but the liver percentage DM decreased. Although the lipid content of the liver was not significantly different between genotypes during this neonatal period, there was a tendency (P < 0.09) for albinos to have greater lipid accumulation in the liver from Day 18 of incubation to 3 d after hatch. In both genotypes, the lipid content increased (P < 0.01) until 1 d after hatch, and was sharply reduced at 3 d after hatch.
The FA composition of the livers of both albinos and nonalbinos was similar between 18 d of incubation and 3 d after hatch (Table 4 ). For both genotypes there was a sharp increase in the level of hepatic oleic acid from Day 18 to 20 of incubation. The level of hepatic oleic acid remained high for both genotypes from Day 20 of incubation to 1 d after hatch, but declined by 3 d after hatch. The changes in hepatic oleate from Day 18 of incubation to 3 d after hatch were mirrored by opposite changes in hepatic levels of palmitic, stearic, vaccinic-cz's, linoleic, and arachidonic acids.
Tables 5 and 6 show the changes in DM and lipid content for the yolk and the yolk sac membrane, respectively. No differences (P > 0.05) between genotypes were observed for these parameters. From Day 18 of incubation to 1 d after hatch, the yolk becomes more viscous, as indicated by the increase (P < 0.01) in DM percentage during this period. The lipid content (percentage DM) of the yolk remained constant during this period, but the yolk weight (P < 0.01) and total lipids (grams) in the yolk (P < 0.01) decreased as they were transferred to the yolk sac membrane and to the developing embryo (Table 5 ). Table 6 shows that during the last 3 d of incubation, the yolk sac membrane also decreased in weight (P < 0.01), as did (P < 0.01) the lipid content, both in percentage DM and in grams.
Tables 7 and 8 present the FA composition of the yolk and the yolk sac membrane, respectively. The FA composition of the yolk of both genotypes remained constant from Day 18 of incubation to 1 d after hatch, with the exception of the level of stearic acid, which was lower (P < 0.01) for albinos than for nonalbinos on Day 13.0 ± 0.5 a 11.4 ± 0.7 ab 11.4 ± 0.5 b 11.3 ± 0.5 b 12.0 ± 0.5 ab Arachidonic 12.7 ± 1.4 a 8.6 ± 1.3 b 9.9 + 1.2 ab 9.6 ± l.l ab 12.1 ± 1.5 ab 10.3 + l.l ab 9.9 ± l.l ab 9.6 ± l.l ab a_c Means in the same column with no common superscript differ significantly (P < 0.05). The effect of day was significant for all fatty acids, the effect of the genotype and the genotype by day interaction were not significant.
iMyristic, palmitoleic, heptadecanoic, elaidic, linolenic and docosahexaenoic acids were also present in trace amounts. a_c Means in the same column with no common superscript differ significantly (P < 0.05). The effect of day was significant (P < 0.05) for all measures except percentage DM (P < 0.08), the effect of the genotype and the genotype by day interaction were not significant.
!Day indicates 18 and 20 d of incubation or 1 d after hatch. 2 Number of embryos or chicks measured. 1.4 ± 0.3 a 1.2 ± 0.2 a 1.6 ± 0.2 a a_b Means in the same column with no common superscript differ significantly (P < 0.05). The effect of the genotype was significant for stearic acid only and the effects of the day and the genotype by day interaction were not significant.
1 Myristic, pentadecylic, palmitoleic, heptadecanoic, elaidic, and linolenic acids were also present in trace amounts. 2 Day indicates 18 and 20 d of incubation or 1 d after hatch. 3 Number of embryos or chicks measured. 28.7 ± 0.7 a 27.6 ± 0.6 a 24.6 ± 0.5b
28.3 ± 0.8 a 27.6 ± 0.5 a 23.8 ± 0.5b 8.7 ± 0.3 b 9.4 + 0.3 ab 9.1 ± 0.3 b 9.4 ± 0.4 ab 9.9 ± 0.3 a 9.5 ± 0.2 a 46.6 ± 0.8 bc 47.6 + 0.6 ab 48.0 ± 0.6 ab 45.3 + 0. 9<= 46.8 ± 0.6 bc 48.7 ± 0.5 a 2.5 ± 0.5 b 2.5 + 0.1 b 2.9 ± 0.1 a 2.4 ± 0.1 b 2.6 ± 0.1 b 2.9 ± 0.1 a 9.0 ± 0.5 a 8.5 ± 0.4 a 11.1 ± 0.3c 9.6 ± 0.5 ab 9.0 ± 0.3 b 10.9 + 0.3 C 1.2 ± 0.2 a 1.1 + 0.2 a 1.4 + 0.2 a 1.6 + 0.2 a 1.2 ± 0.2 a 1.5 ± 0.1 a a_c Means in the same column with no common superscript differ significantly (P < 0.05). The effect of the genotype was significant for stearic acid only and the effects of the day and the genotype by day interaction were not significant.
iMyristic, pentadecylic, palmitoleic, heptadecanoic, elaidic, linolenic, and docosahexaenoic acids were also present in trace amounts. 2 Day indicates 18 and 20 d of incubation or 1 d after hatch. 3 Number of embryos or chicks measured.
18 of incubation and at 1 d after hatch ( Table 7) . The level of oleic acid in the yolk remained constant for both genotypes at about 45% of total lipids during this period.
The FA composition of the yolk sac membrane was similar for both genotypes in the last 3 d of incubation, with the exception of the level of stearic acid (percentage of total lipids), which was higher (P < 0.05) for nonalbino chicks on Day 18 of incubation (Table 8 ). The level of oleic acid in the yolk sac membrane increased (P < 0.01) for both genotypes between Day 18 of incubation and 1 d after hatch. The levels of palmitic and linoleic acid in the yolk sac membrane remained constant up to Day 20 of incubation. At 1 d after hatch, a sharp decrease (P < 0.01) in the level of palmitic acid and a sharp increase in the level of linoleic acid (P < 0.01) in the yolk sac membrane were seen. The levels of stearic and oleic acids (percentage of total lipids) were slightly higher in the yolk sac membrane than in the yolk for both genotypes on Day 20 of incubation and at 1 d after hatch. The quantities of all FA in the yolk and yolk sac membranes decreased (P < 0.01) from Day 18 to 20 of incubation (Tables 7 and 8) .
Docosahexaenoic acid (not shown in tables) was completely absent from the yolk of both albinos and nonalbinos from Day 18 of incubation to 1 d after hatch, but was present in the yolk sac membrane of the two genotypes in trace amounts during this time. From Day 18 of incubation to 1 d after hatch slightly higher levels of docosahexaenoic acid were observed in the livers of both albinos and nonalbinos than in the yolk sac membrane and yolk. In this period, no differences were observed between the two genotypes in the level of docosahexaenoic acid in the yolk, yolk sac membrane, and liver.
DISCUSSION
The growth performance reported here for the neonatal period is similar to the data reported by Silversides and Crawford (1991b) and Silversides et al. (1992) , and is typical of a case in which albinos show reduced growth in the early posthatch period. Albino and nonalbino chicks had similar BW at hatch, but lower BW from 2 to 7 d after hatch. Albinos started gaining weight at 2 d after hatch, whereas nonalbino chicks did so earlier, suggesting that albinos may start eating later than nonalbinos. Chicks that do not start eating immediately after transfer to the battery brooders lack dietary nutrients and depend solely on the yolk sac contents and their body lipid reserves for survival. In this negative energy balance, smaller albino chicks may slow down their basal metabolism and shut down their digestive system to spare energy, and this may have been reflected in the lower body temperatures observed for albinos at 2, 4, and 6 d after hatch. Houpt (1958) observed a similar drop in body temperature in chicks that had been offered no feed from hatch. The positive correlation between BW and body temperature for albino chicks from 2 to 6 d after hatch further supports this hypothesis.
Albino and nonalbino embryos had yolk sacs of similar size at Days 18 and 20 of incubation, but at hatch and up to 7 d after hatch albinos had larger yolk sacs. The smaller livers of albinos at hatch (but not at 20 d of incubation) and their larger yolk sacs at this age may^ reflect a slower rate of transfer of yolk lipids by albinos during the last 2 d of incubation. These results support findings (Silversides and Crawford, 1991b) that the difference in yolk sac utilization begins in the last 3 d of incubation. Because the yolk sacs of albinos were larger at 1 d after hatch, a similar rate of yolk transfer for the two genotypes during the 1st wk of life resulted in larger yolk sacs of albinos at 7 d after hatch.
The slower yolk sac absorption by albinos in late incubation (Smyth et al., 1987; Silversides and Crawford, 1991b) could result from preferential absorption of certain FA, from differences in the transport mechanism of yolk lipids, or from differences in the hormonal control of the rate of transfer of yolk lipids to the body. Although albinos had lower levels of stearic acid at Days 18 of incubation and at 1 d after hatch, from Day 18 of incubation to 1 d after hatch, the FA composition of the yolk remained constant within each of the two genotypes. These results agree with those of Donaldson (1964) , Scheijde (1963) , and Noble and Moore (1967a), who found little difference in the overall FA composition of the yolk during incubation. The DM content, the lipid content, and the FA composition of the yolk, yolk sac membrane, and liver were similar for both genotypes during the neonatal period, suggesting that there was no preferential FA absorption by either of the two genotypes in comparison to the other.
The FA composition of the yolk and yolk sac membrane provides information on the transport mechanism of lipids from the yolk sac. For both albinos and nonalbinos, from Day 18 of incubation to 1 d after hatch the yolk sac membrane showed a trend to increasingly higher levels of oleic and stearic acid in comparison to the yolk, whereas the level of palmitic acid seemed to be lower in the yolk sac membrane than in the yolk. These results, similar to those of Noble and Moore (1964) , suggest that as lipids are transferred to the yolk sac membrane, palmitic acid is transformed into stearic acid, and stearic acid is transformed into oleic acid.
In chicks, yolk lipids are probably transported to the liver and body of the embryo by chylomicrons (Vandenheuvel, 1962) . The study of chylomicron metabolism provides an explanation for the observed synthesis of oleic acid in the yolk sac membrane in late incubation for incorporation into cholesterol esters, for the synthesis of arachidonic acid in the yolk sac membrane (Noble and Shand, 1985) , and for the preferential absorption of yolk phospholipids rich in stearic acid in the a position and docosahexaenoic acid in the /3 position (Noble and Moore, 1965, 1967b) . Chylomicrons are constituted by a polar layer of phospholipids, cholesterol, and apoproteins, and an apolar core of triglyceride and cholesteryl ester molecules, which exist in liquid state at body temperature (Miller and Small, 1987) . The dissolution of the cholesteryl esters in this core is facilitated if the cholesterol is esterified with FA of low melting points (Tm), such as long chain FA and unsaturated FA (Miller and Small, 1987) . Cholesteryl arachidonate (Tm ~ 19 C), cholesteryl linolenate (Tm -32 C), cholesteryl linoleate (Tm ~ 42 C), and cholesteryl oleate (Tm -51 C) are completely or largely soluble in liquid triglycerides at the human body temperature of 37 C (Miller and Small, 1987) . Palmitic acid and stearic acid have shorter saturated FA chains and are not readily soluble at 37 C (Miller and Small, 1987) . Because animals are unable to transform oleic acid into linoleic or linolenic acids (which are precursors of arachidonic and docosahexaenoic acids, respectively), the longest FA chain that can be synthesized from stearic and palmitic acid is oleic acid (Lehninger, 1982) . Thus, cholesteryl oleate and phospholipids, which are rich in stearic and in arachidonic or docosahexaenoic acid, are used in chylomicron synthesis to facilitate the dissolution of the FA chains of the cholesteryl esters and phospholipids in the liquid triglyceride core of the chylomicron.
The FA composition of the liver also provides information on the transport mechanism of lipids from the yolk sac. The livers of both albino and nonalbino chicks showed an increase in oleic acid from Day 18 to 20 of incubation, and from Day 20 of incubation to placement, the level of oleic acid remained constant and high. For both genotypes, the hepatic levels of arachidonic and docosahexaenoic acid remained constant in late incubation and early posthatch, but the levels of arachidonic and docosahexaenoic acid were higher in the liver than in the yolk and yolk sac membrane during the same time period. These high levels of oleic, arachidonic, and docosahexaenoic acid in the liver of the late incubation embryo probably reflect the accumulation of cholesteryl esters rich in oleic acid (Noble and Moore, 1964,1967a) and of phospholipids rich in stearic, arachidonic, and docosahexaenoic acids (Noble and Moore, 1967c) . These cholesteryl esters and phospholipids are absorbed by the liver as part of the chylomicron remnants (Noble, 1987) remaining in the plasma after the transfer of yolk triglycerides to the peripheral tissues. The ability of the liver to synthesize arachidonic and docosahexaenoic acid also increases towards the end of incubation (Noble and Shand, 1985; Noble, 1987) .
The level of hepatic oleic acid remained high until hatch for both genotypes, but declined sharply by 3 d after hatch, when the chicks have normally already started eating. The accumulation of oleic acid in the liver in late incubation may reflect the storage of excess cholesterol in the cytoplasm as cholesteryl oleate droplets (Brown and Goldstein, 1986) . As the chicks start eating, dietary lipids are transferred directly to the liver (Moran, 1982; Griminger, 1987) , where the triglycerides are incorporated into plasma lipoproteins for transport to the peripheric tissues (Brown and Goldstein, 1986) . It is possible that the depletion of hepatic oleic acid at 3 d after hatch reflects the utilization of both the cholesterol synthesized de novo in the liver and the reserves of hepatic cholesteryl oleate accumulated during incubation for synthesis of these plasma lipoproteins.
The study of the FA composition of the yolk, yolk sac membrane, and liver in late incubation and early posthatch demonstrated no difference in the transport mechanism of yolk lipids to the body of the embryo or chick. The results of this experiment suggest that there is no differential utilization of specific FA by albinos in comparison to nonalbinos. The major difference in yolk sac lipid utilization between the two genotypes is the slower rate of transfer of yolk lipids to the developing albino embryo in the last 3 d of incubation, which may result from differences in the hormonal mechanisms controlling the rate of transfer of yolk lipids in late incubation.
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